I. INTRODUCTION Homogeneous line broadening in crystals is due to the anharmonicity of the interaction potential. In harmonic solids, the dynamics is described by a set of independent oscillators, the normal modes of vibration. In second quantization these vibrational excitations are described in terms of noninteracting bosons (phonons). In anharmonic solids, phonons are no longer independent, i.e. , they can exchange energy. The energy transfer among phonons is responsible for the finite lifetime of vibrational excitations, and thus for the occurrence of line broadening.
Experimental linewidths for a number of molecular crystals have been measured by coherent anti-Stokes Raman spectroscopy (CARS) and high-resolution Raman techniques (for a review of the experimental studies see Refs. I and 2) . The interpretation of the observed linewidths in terms of decay mechanisms is generally based on the temperature dependence of the linewidths.
Theoretical linewidths can be computed by perturbation expansion of the one-phonon Green's function.
The high-temperature linewidths are directly proportional to the temperature if the Green's function is restricted to the lowest order (A, order) So far, calculations on real systems have been done at the lowest perturbation order (A, ) . ' ' Calculations including higher-order terms are still at a pioneeristic level, due to the huge computational cost. The A, corrections have been computed either using drastic approximations' or simple models such as linear chains of atoms" or molecules. ' In all cases they have been found to yield the largest contribution to the linewidths even at relatively low temperature. It is, however, still a matter of discussion whether for real systems convergence of the selfenergy is reached at the order k in the whole temperature range of existence of solids. Rough estimates of the high-order self-energy have been suggested for linear chains, ' but no attempt has been made so far to extend the perturbative approach beyond A. for molecular solids.
In this paper we address the problem of computing accurate estimates of some high-order corrections to the linewidths in real molecular crystals. The large computational cost of high-order corrections is due to the fact that they involve multiple wave-vector sums. These sums must be evaluated by sampling a number X of wave vectors in the Brillouin zone. The computing time for nnested sums grows exponentially as N", quickly exceeding any reasonable limit.
This problem is partially overcome in this paper by exploiting previous works. ' ([b~b",b~b 
In the limit of large samples, Wick's theorem holds.
In this case, among all possible pairing schemes, the only non-negligible contribution to the thermal average in Eq.
The two cases of Eq. (2.7) may be cast in a unique expression as ([b~b", b~b 
The averages in Eq. (2.6) Tg (2328) T (70) &g (2328) Tg (47 As shown by Eq. (2.14), the damping I'"' is controlled by, (1) the magnitude of the average coupling coefficient C"(q), and (2) the thermally weighted density of states resonant with co and k, i.e. , the factor
The calculation of C"(q) and G("'(co, k) are two distinct and independent computational problems, which deserve to be discussed in some detail prior to presenting the results for the linewidths in e-nitrogen. Only a particular class of coefficients can be computed with this procedure. Nevertheless, the statistics is not expected to be bad, as coefficients should depend only weakly on the selected sample. This appears to be the case, as it is shown in Fig. 2 , which illustrates the wave-vector dependence of the third-order anharmonic coefficient in a-nitrogen. This figure also shows that the assumptions underlying Eq. (2.14) , namely that the average coupling coefficients are linear in the energy of the acoustic phonons and weakly dependent on the energy of the optical phonons, are well satisfied already for n =3.
Using the procedure described above we computed the C"(q) coefficients in a-nitrogen with the potential of Figs. 3(a) and 3(b) for the lattice and internal modes, respectively.
As expected, qualitatively and quantitatively different results were obtained for the linewidths of the vibron (Fig. 4) and of the lattice modes (Fig. 5) . We shall discuss them separately.
temperature-independent inhomogeneous contribution to the experimental linewidths.
For the 3 vibron, the agreement between data and calculations is not as good [ Fig. 4(b Fig. 4(b) ].
Analyzing the contributions I '"' to the width of the vibrons T and A, we find that in both cases the dominant contribution is given by the diagram of vertex order n =4(A, ), the n =3,5, 6, 7 terms being much smaller ( ' ' is practically zero at any temperature. It should be noticed that the multiphonon densities [ Fig. 3 Fig.  5(c) ]. The contributions of order higher than A, are in this case quite large. The residual linewidth at 0 K is entirely due to two-phonon decay processes (n =3); such processes are very likely to occur, as it can be seen from the sizeable two-phonon density [ Fig. 3(a) 
